The magnetic circular dichroism of benzene and indole derivatives was measured down to 190 nM. The following pairs of molecules have magnetic circular dichroisms of the opposite sign in the B2. absorption region: aniline and benzonitrile, indene and indoline, indole and 4-aminoindole, and 4-aminoindole and 5-aminoindole. The sign and magnitude of the magnetic circular dichroisms observed are in good agreement with those calculated by the semiempirical self-consistent field with configuration interaction Partser-Parr-Pople method with incorporation of variable r-electronegativity and a-polarization. The energy dominator in the magnetic rotational strength expression serves to limit the important contributions to a few terms only.
General methods are under development in this laboratory to treat changes in molecular circular dichroism (MCD) intensities and signs in going from the MCD spectrum of benzene to that of a derivative (1, 2) . This work is presently being extended to benzenes with strongly perturbing substituents to determine whether additional terms or corrections are necessary. Meanwhile, the development of quantitative methods to predict the spectra from molecular structure and to account for similarities and differences of the spectra under perturbation effects is also important. Quantitative methods could be very useful in the field of purine and pyrimidine chemistry, for example, where the number of ionic, tautomeric, and chemically modified structures of biological interest is rapidly increasing. MCD spectroscopy has the potential here of providing important criteria of identity, structure, and homogeneity (3, 4) . It is recognized that many useful and reliable predictions about the optical properties of benzene derivatives have resulted from application of semiempirical linear combination of atomic orbitals molecular orbital methods, particularly when this procedure is coupled with configuration interaction and an iterative scheme to account for the sigma polarization effect. Unfortunately, quantitative calculations of MCD spectra are more difficult since, in principle, the energies, dipole strengths, and transition moment directions of all the electronic transitions figure into the calculation. Nevertheless) we have had encouraging results in predicting the MCD spectra of simple benzene derivatives, at least in the spectral region of the Alg --B2, and Al, --B,. transitions (5) . We now proceed in this and several subsequent papers to consider the effects of substituents and heteroatoms common to the purine and pyrimidine bases on the MCD spectra. It is possible experimentally to study a spectral sequence connecting simple benzene derivatives with indene, indole, and 4-aminoindole, to which the spectrum of purine and adenine can be linked through the aza-indenes. The purpose of the present communication is to demonstrate that semiempirical calculations successfully predict the distinctive features found in the near-UV MCD spectra of a sequence of molecules leading from monosubstituted benzene to substituted indoles.
EXPERIMENTAL
The MCD spectra reported here were measured with a modified Cary model 60 recording spectropolarimeter with a Varian superconducting solenoid system at a magnetic field of 45 kG. The molar ellipticity (0)m = (00/Cl)1000 dl dm-' molh, where 00 is the ellipticity in degrees, C is the concentration of the solution in mol liter-', and I is the pathlength in centimeters. The spectra were calibrated with a 1-mg/ml aqueous solution of camphor-dio-sulfonic acid in a 1-cm pathlength cell which gives forth a positive natural circular dichroism (CD) band centered at 2900 A with an ellipticity (00) of about 0.31°(based on the Cary model 6001 CD accessory instruction manual). The absorption spectra were obtained with a Cary 14 recording spectrophotometer. On the positive side, Eq. 1 does not require any matrix elements not readily available in our Pariser-Parr-Pople program provided the transition moment, A, is calculated in a gradient formalism, as was done in our recent work on natural optical activity (7, 8) .
Our Pariser-Parr-Pople method (9) , with a description of the excited states by a linear combination of all singly excited configurations, uses an orthogonalized basis set of atomic orbitals obtained by the Lowdin procedure. The one-center atomic-core parameters are identified with the valence-state ionization potentials, and the two-center parameters are calculated as a function of the valence-state ionization potentials. The heteroatom valence-state data and orbital exponents used are those given in The values of the electric and magnetic moments are formulated using the operators V and r X V to put the matrix elements on an equal footing. While the operator V is independent of origin, the operator r X V is not, and the calculated magnetic moments are origin dependent. However calculations of Baj are origin independent when based on an SCF-CI calculation using all singlet configurations as we are reporting here. In Figs. 1-5 cluttering the experimental spectra with theoretical curves, we have resorted to a line-spectra presentation in which the molar extinction and molar ellipticity are presented as bars at the wavelengths predicted for the B2,, B1,, and higher transitions.
The distinctive features of the MCD spectra of several score of benzene derivatives, including indoline and indole, have already been described (1, 11) . It Conversely, benzene derivatives containing an acceptor function exhibit the opposite sign pattern over approximately the same spectral region. Aniline and benzonitrile were considered as prototypes for these two classes of substituents. The calculated and experimental MCD curves for aniline and benzonitrile are given in Fig. 1 . For both molecules, the theoretical spectrum is in agreement with the experimental spectrum within the limits of 15 A in band position and 50% molar ellipticity.
Indoline and indene (MCD spectra is given in Fig. 2 ) contain donor and acceptor functions, respectively, as components of fused 5/6 ring systems. Indoline gives an MCD spectra generally superimposable over that of aniline. The effects of a fused saturated penta-cyclic ring system are experimentally rather small. This observation indicates that the effects of fusion, itself, on the MCD spectra is essentially negligible.
Indene exhibits the MCD spectra of the acceptor class of Similarly we have found that the pair, benzimidazole and 4-aminobenzimidazole (5), exhibit oppositely signed MCD patterns but with comparable areas under the B2. and B1. curves. The same phenomenon have been reported (4) for the pair, purine and adenine, which are aza derivatives of indole and 4-aminoindole.
Comparison of the computated spectra with the experimental spectra shows that we are fairly successful in predicting the near-UV MCD spectra of the indole derivatives. The exceptional case is that of 7-methoxyindole. We have omitted to this point discussion of the far-ultraviolet spectra of indole and its derivatives. The absorption spectra of indole systems is marked by very intense absorption centered in the 220-to 200-nM spectral region. Auer (12) has presented evidence that this band is complex and may contain several electronic transitions. bands arises from the intermixing of B2 and Al states by the magnetic field. These features may be observed in Table 1. States j, k, 1, and m of aniline and benzonitrile have B2, Al, Al, B2 and B2, Al, B2, Al symmetry, respectively.
